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1 

Mi Y#K ^ :^ V/ -A- /L-^^ft ^ Xfl ^ . 10 

Iff ^Jtii 2 ] mtem 2 £7:)^'f[::;^f y i^S^fb-^#j#«* 

1 mmo^^ ^''^^i^^ji^fi^mmmmm^:tmo 20 
[1**11 5 ] mmm s omit^' y ^ i^^v.f^^ij^-|£3gf2^ 

(J|,lS|]f ^ ^ >^ yvi7j^-M-i~ 5 xmt-il V N 5 y 

:^y ^J^mit^^^^mi^m^^mm^:^\::^^^iy^ji^}^ 40 

*'f-^X^M{;IJl^/^6y/y ^AJS^^'Hl. ^S;^?'y ^A<DxN 

n ^'^^{b-^t^ I ^ ^ ^ ^i- ^Nr® t-t^j ft 1-5 
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2 

Wit-t^ ft*3l 1 6 (7^ V 1 CD :3i ^ 

Xfg^. 

m\mm 1 f^.:)iifl::y/y r> A^,{i::-^fe#zgf*^gf,'i^t}]i(7:)X 

mm-O'i^^j^^^t^mit:^^]) ^ M>Wi<t'^¥^^m-i¥^^^ 
§mm^^ t:^^ ^ v'-v/i-jjfesi-^xs-^ . 

gfB^4mc:>E^LTmil^jr^;5!ci-^xf^^^^>/^^ t 

-v ^ xi^ ^r-r 6 r ^ ^ #m ^ -r 5 m-^m s 
1 0 ] mmm 1 c^^^ib:^' y A^-ft-g^ii.^^^if. 

jip.Sir0 Wil ^ ^ f ^ ^ -V y i- ^ X-S ( C If I ^ ^ 

y r> AL^J|:iH;j:W1llikJl fl^^^#J::^J X ^l-ffl V^. tutSS^ 2 i?:)^ 
-([^.i?^ y '.-> A^^fk^/|^^|^-2»fls:^f^^|,$¥l]:f ^^31 1":^ v^-r /U- 

[0 0 0 1 ] 

irmo^mrY^^m^^'j^wn ^fi:::^^y^A (g 

aN) ^^k'&l^-Ngf^l^liii^^l^cO^ffi^^ # 
(C3itf :^:?^S/-Y/V-i5^:l^jl(;:>g,J^i*i=CDffi^l/c a N^ fl^-B^ 

[0 0 0 2] 

[t^l^5ltC0^3^|;|f] jir^. G a N^fl:::^^-|-^fl^tjiJg^;^$^- 



3 

r>^:^r (NH3 ) is:7.tm:i. ^m^mih^m 
h y (tmg) 

[0 0 0 3] CC^J: ^t-LT^^ar^-li-TLG a N^{b^#J 

^5Sft:i^g^f^^r.i:{i. wn\^i^m^ij-m<. mtA. 20 

[0 0 0 5] :Lo:)^o^j:mm^m^'t^DtLmc^ GaN 

7-/1^5: -r>i^ (A 1 N) C0yN^;/:7Til^j5Jt:S:^-li-^.*ax 
(T-7°^'Y K • v>:y^ X . XB*4 8^. 19S6 

m'353M. &OT#BrW2 - 2 2 9 4 7 6 -^<>>$i^# 

• v^-v^:^^!-' * yty^ - Ty^y-{ K • y ^ i>y^ y. 

m^om. 1991^1^. igLi7i5p:. ^-aqtr#j¥^4-2 970 

T'l rSffiJ-(c. jS:,-sr.^rt4 0 o~g 0 o°cc73fS^ii.'e\ 

mW-t^ 1 0 — 1 2 0 n m O-^y< y r M ^rtxft ^ tT^-efc 
^^^0:^r&^±/^y y'rJlcOii-CG a Nil ^jTgJi: ^-1±^ 

r.i:{cJ;oT. GaN c:)$S,r0tt2ilt/*lSi^ :7 ^ 
[ 0 0 0 6 ] 

ilf i? ^ # ;t MS < S ( ^ 5 -^^1^ 7)^ ^ /c . 

;^ }i c;:^ g!gi4-(i|£:j:,-f J- ;^;ro3 -r ^ - ^ 5(5 7!^^ . m 
;^^y ^i. (G a C 1 ) t LTf«g-r^*5tT?f±. i^Wit 

(DG a c 1 ^■m^.^~-^:)j^'^ff^-m'^ tti^^o m:iW%i,± 
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4 

c V ■Dm^bt^<x 2fj>h3 Mmm& < » ;t 5 r ^ /^is 

^ :7 p V?- ^ J^^#1- 5 r <ir ^ , 

[0 0 0 7] X. r J; 3 /=ftil^*c?^G a N^>fblg^#J^-^ 

( c ill ^ ^ ^j- :7 7- ^ T Sif *ejf cl-^-fe^lS -^'tt^'O . '^fyr-^ 

(7) fi^;^ ( z: y ^ -7"^ ^ > L ^tt: i f -Hlt^^ ^ /i^ 

o7t. G a N^^fb-a^#ji|^^:-f*mirs!l-^:y5'->^^' 

^g^J/6Mg:V^^^.^e^r^M^sfeo;fco r(?:5ct 
[0 0 0 8] *liPJ!fl::(7) J: 9 fj:mm^m^Xfj:^nfc 

[ 0 0 0 9 ] :^mM(Dmo^Wif^^tl. jEMS-J'/L^T^^t:^^^ 

[0010] ^mm(om^uo:)^m±. 

m m\)x (D A- \C ^ t:° ^ A- ^ ;^^ a G a N fb 

[0011] ^?^i3j!c7:)j£(.r{ili(7,:)|Eli^i^{±, ?f Li'^HM^tiS 
[0012] -^Tmo:)m^\^(D n ^ ^y^WM 

[0013] 



( 4 ) 

5 

^ 1 COG a -Nmt'^m^mi^mt^Bnm^^^::''^ ^ 

^XS (^3XS) (r^) m 2 (7DG a N^rfli^ft^ 

-^ty-yjujimmmmti'^iin (m'4xs) ^^/>/^< 

10 0 14] ^y<j\-'7m^^mm ta. -^yr 

^t?:)]?^ (f^J;if^. 1 0 0 Mm7?7^5 0 0 /i. 

it) {:Lmm ■ }i^'M^-Kfz^ G a NW^it-^'^^J 

^i$f*:WSiiii?tJ]||(7:)zc b° 3f- iy^^yU]^-M:^^m^ it. G 

(7:) t° ^ -> ^umM m mm ('^ . x ts -y- :7 r ^ r ^ 

-m(nm^. 6H-)Mitmm (sio . sc-sic. 

mitm^ (ZnO) . ll&^fl::'v':i/r:T^v'r>i^ (MgO) mo:> 

>^ VI- ^ s ^0 ^« ^ i^sii -r -5 ^ /j^ Rjiii ^ o / 

m&BtLX(D'tyr'<rmmn. m^^f-^. (a) yi-^y 
E{^^ltXtf 6?l#XJ'frife. (b) ^u^yjim^^i'ZM'i:^ 
MXy^ozLi i^-x:-^M,o:)MiK^mM L^t^?^- #X[-f ^ 

^-r y ( c ) m]'oym'^i-M^m7m'Xi^i^\=^''e 

(d) mW^^^^cm'T-n^Mi^A-Kfcjwyyi-^^ 

m^m:^ ^ X { c , ^ ^ ^5fe|] L ^ ^ jms ^;^jp 

[0015] <D% 1 oyWm^{^^ ^ ^ -y ,/b 

L /C ^ r> 0/ y Uj^jcS J^^ ^liS ^dT # 6 ff^ ff, * 5 . 

zr.\f^yey^^ juf^-^ if j mm ^ ^^mt thi m^(/:)X\ ^ ^ g 

Lxm^^-^^y T-^ rmm^m^^tziM^xh-^x so 
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t^. •^yT4rmm^wmi-^ii^>mhM^\ W^. ^}-y 
T4TmRm^^^)\-^t^fu'mR^mm\^x:^\f^^iy-^ 
?\^fi%^mmKm%^mz.\k.\^x. '-&t^\z.mmwix\ 

^ V- ^-^ yi-;S;-Jl^ ^ n 5 'C\ X/^ti;^^^ iSv \ 

[0017] *iif3^com' 2 mmM-x. (-r ) -'^/i-:^ &m 
sffix!-::. % 1 (?.^G a i<^m\:.^m'^mw-Wi^Wnm%^^ 

t^^^'-v-'V^H^lg-r^xm (B'lXfM) cL^. (p) :lo:> 

^ 1 OG a N^^{Ll^#J^-#f*Wfk'[fa^ti]i(7>Xic: I n 

tPG a N^^fb'&^J^^flxl^ir^.fp^^M 

:S:i-^X^# (S^2X?M) t . (^n) rcOIn^^trOa 

N^rfl::-&#J-f^^f^t-vjpS^fB»flI^^:)X^c. 2 t7:) G a N^^fb: 

(msxi®) (:^) m2t?:)GaN^>'fl::'g^4^^^2S-f*:jli 

/i^i5S;ftfflKte<lr1-6X:S (m4Xf^) cJr. (^J^) 31 
^v^-r/i^iS.S^Sffit7:)Xtc:, g a N^rf[::'^#j^i»ftCii^^i' 
S»flIco#]f1#3t^-::i^t"^:3^i^-v>'i^i*Si-^x^ (US 

Xfl) #jl«5tf7:)*Xilc7,:)G a N^^-fb-^^j^ 

^fls^;i-g^^MtcMLi:«lii^i$;5S;i~^xs (S^ex 

[001s] 2 t?:)fRillS:{C'f?.5^':»f*:^m<?.^S 

3t::^^^oB"i xm^j^p.m4X^ij;-e(i. m^(o%\(Dm 

t^tDXtC. M(-^5:&tj^B6XS^-WJnLT. ^igfls^ 

g^K3g-r^. ^5X-|M<7^3:-l::^:^^v^-VyH7icS(-l. ittjjd! 

—'it. (MBE) 'fb^ifvf<:i:-t:=^^-iy-fi- (CBE) 
"ik. W^l-m^^^-^'y—'^ (ALE) 5>^Jl:3^t"t^ 
'\^y-ik (MLE) jifet^rT:)^^^:^:^^-^^-^^^;:^^-]!.^^^^^ 

[0 0 19] if-^^m<T)%%^ (7:)#m^C:fcv^T3z!5--/cJ: 3 

oT. ::c?.:>^ t:''^ ^"v-A''yV|?l-Jijl£K(;:)X(c^0 5 X^T:' 
^t"^:^V>--^^/^'J7Ml:^^^C-)G a nm\L-^'W-\^mW-Wi^iu 

m\%o:}^m'&m^x\m^xm&^i^^^^. e^x.f^. fe&^g 

t LT. f^^il^^TJ: ^5 t> 2m^l/^ 1 X 1 O'^ c m- S 

[0020] 2 (nmmm^^'^mwmm-om 

mr)jmz^ J: tAL^5ltftffifD J: -^fyy^ r Sffic:) 
J: b f^mm^o-:>^<jv^y%^{^^mw.X\±m.< . fiUtWtc'^irL 

[0021] if.mfi(r^m2mw^\^%'^^'^mmim±. 



( 5 ) 
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2 0 0 1 - 3 4 2 1 0 0 
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^mi^ 1/-^ LED mo:>Hmm^±m'?'. Mm^^-^^m 
mh'7>'i^^^ (HEMT) . h^^—hmm^ 

WjW^ h "7 '^Z^:^ ^ (ME S F E T) . • JM^llt ■ * 

m¥m^wm.w^my^^^iyy^9 (misfet) . 

•^n^g-g^/^^Y/Jf— ^ |> ^>'v?;^^ (HBT) . fff-flli^ 

y=7':y-j:7.^ (SIT) m(r}m.^ o:>^~Mwmm^'m^m^ 
[0 0 2 2] fs:^^ -^mm(r:>m\(nm\m^%^:^'d^^ 

^ -V yl-l^!tJti- 6 'SI 2 (7) G a N f t^^jif^^^f^i^: H^ii-t 

N^{b-6^4-^^Nf-^fe|igffp-#}|t^ A 1 G a 1 >r 

[0 0 2 3] *l m 2 COG a N ^-fl::^^^jN^^3g{$^ri^ 

J: 9 f-LXt^r^l\ fi%2 (7^G a Ny.ib^#J^-#f^ap.rgfii, 40 

^omi^. m^^t^~yzf''yvm^.(om^'W:so^G a Nw^it 

a N^fb^^PRf-f^^iilgi^l^tljl^-. A 1 G a N#cOA I 

^y^-'y o^t^o:>ziL^y^':y ii ^ :J V # < -r ^ :i 

/jvnJll^tCT^^^. A 1 G a -]<im(DA 1 ^-a tJ'G a N 



M J- tin --e :7 ^ p v?-^s^^ L T t# b ti. 6 o 

[0 0 2 4] Mt^l. *^PJc0^1(0#?|fetC'f^.5::i^V:''^:3r 

-</cTMGCO&, by lai^yl-i/i; r^i^ (TEG) ^75M£ 

tOMOC VD^'^'e\ mSXflfi. j53c-B:i^jg03tV^^-ay 
(-^^--r K^-r F) #ij3^Mt@J5jc-jl:ft{^J: '-^trd 

G a -HC 1 -NH, ^.(Dm\:'\^ ^-f K) 

m/h@®t?:>MocvD^-r^mixs^^fv\ JiXSili^ 

\::W^^^}i^y^iy'^-/i^mM:Lizm2(DG a N^^fl::^^}-^-!^ 

3 0 ju inTZ/M 5 0 0 /i mflit , b < Ji: 3 0 At m:!!;^ 
3 0 0 m m@iS(7^pjTMt7^ii:^-c\ R-Dmt^J^mw'^y -A' 
a <^ . J^$? Tj^tI^jIi C^.^'^^tt L fc^ e ^ ^ V/ -V 

{i. 5 0 /.^ m7!?^ 2 

0 0 M mSS ^ i-^XfX^ V ^„ ^}::''^^' i^-y /I-jSftffiaSte 
<oJ¥^ 3 0 Ai mj^TTil. mm^^^^tmM{cfj:^m^ 

^^^■/j^h'Ch^o t:"^^>^-V.^i^i?3t-Jl:J^M?xC0 5 0 0 

0 0// Ynf^m-i-i^{^Bi\^\ 

[0 0 2 5] 

(^yi& . z.o':>:r-\f ^y '^c iy -y ji-f&Mm ^m^^ tcH^mm 

mmo~)m^jy'ii:^m i. Rum'sormmommt vxmm 
^yrf(Dmm(Dmim^'^^\^'^x. m—xi-i:mM(^^m^ 
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[0 0 2 6] (mt^W^^ ■ MO C VD'^S) HI 1 (-i. 

i^fb#j#iji^ • Moc vDiSg(DttHJ&1tot^7i^i"o ^roi^ 

ft^^tt:^^ • MO C y D i^f[::#|i|ii^mfr3j5jcS t M 

[0 0 2 7] mi b • 

>v^^^^LT. NH3 :^^;^^iSAW2 2. HCl;^/7;iS-A 

f^2 3. 2^U<//^^-A-^2 1 ;^^^5^A$;^XTV^-^. x^-fpii- 

'6^5IMi^iS^^:^2 1 (7:)^t{l::^JO:7^>'e/^-i^Lx. 

:7T'Y hm(D-f-±'7'^ 2 ^3?M^i^^^^2 If 

0 im^^^n^^o Mi-. 2 ic::}^. # 

MW2 5/jq^^3c^^. ;^^>^^^NtH/±i5}t5«i*(^4-oTi/^ 

2 G a + 2HC 1 = 2 G 
ti:^Ix.}^^{cX,^ . G a C I :L(DGa 

c 1 :^Jy^tt^<{c^ -yy-^zy"^ 2 6 o_h(-cg/ii^ 

n/-:!-^;- T TStiS 3 0 1 O^^m^iM^ ^ ^^X . G a N 

5 (c 19 . m~o:)~^^^mKft'^^^ 2 i (oPrmx\ 

[ 0 0 2 9 ] (MocvD^E) m2i:i^ :^mmo^^^m- 
m-A'ws i^^#A$;^x-ci^6o Mi^i'^^^mRft^m^ 

ss/j'J. ^^Mi^iS'#-fic|iiici^A^ti.Ti/^5o :^(i:>^^y 
yy^ hM^T^ifiry^ 3 3 (cfi, t^5zfii-5*3§0j!c7:)G a 

MixiJ^^-^i- rJ: > 2 5 mWm. ^ \\^. y- ^"fti'il Hi 

^mMM^.'c — ^ 3 2/jSifig^ttTi/^-2>o cc7:)igM)^6Rf 

MMfh^—'^ 3 2 5 0 0 KH z J!;3E5M1-I z tO^ilriS 
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— ^ 2 7i';ij:oT:^jPM^n^c tA^oX. ^^y^^2^(D 
lL\rJMmm.-h^f\^f^-^yr^TmK'^ 0 l fi. ffi^S^iPiat: 

2 7 t9^JPS^;tx^o -^UT. nh. ;?7^';^3,?At^ 
2 2/j^bNH, HO 1 ;t?>vaSAt^2 St^i^^HC 

jii^b^J:. TMG, h y > ^yi^-f ^^v^-^i^^ (J^TI'-^^i/^T 
10 rxMAj c!::Pf§i-^) ^tDMO;^';^, (N. ) , tK 

i^^^s JEtci-^y ■'>'^>';tr>!. (s i H, ) . t'';^v':i5'P 

v^^^^^^u-v-^r^^v-r^i^ (ji^>T rcp,Mgj 

cn.^0D:;tf;;^JlSmW2 5 J; '9#ffl^tu^o l X 
■^y.m-7^^2\^^\if^^^f\.X\\^t^^ ily^Q-^mWi 
\^n)Z^'±X. m,^0':>i^y.m7^^2\^m^x%t--'^t> 

20 [0 0 2 8] [H 1 fC:^i-i^^li#J$|iii|^ - MOCVD^gd 

^dl^T. MO CVD^^ifel-tT^ i'Olfl, NHa i/ ^-^^-A%-2 
2/j^e3t7.:>NH, :?^^>>^*<;^l.. [l]i;i#(v:;;0^^J^if-At^2 

^^'\^)riSy^t\^xo:>7\<MiSy-^;, mMiSy^tm^. M 

o;^>.^:^^Mixj:6^^f§2 1 ^\z.-m'&<r>mM.xm7^-r 

' -^AW2 2/j^^dNH:, ^2^-AU. HC 1 iS7>\M^^2 3 
;6^^HC 1 ■^y.-^miK't^. ^A^tu/cHC 1 ;5tfxf^, 
mW-f^') [>j^2 9 <tjxj;c;^L. 

a C ] 4-H, (1 ) 

30 Vj5^JP«1^;K5„ f^t-oT. i^ir :7''^ 3 3 co_b(cm^^/j^n 
/cG a N3Li::^^3^>^--v./US;|^i^4 0 1 Bff ^CO?^iSt-^P 
S^^n^o .:^:?"^^if-At^ 3 1 /j^^fi, TMG, TM I , T 
MA^c?:)MO:5'J^^, NH« yJ/'y^., HCl, ^'O^S i 

H4 . Cp. ^^mo-yY—^fi^^if-My^mii^^cK^c^. 11 

^ ^ trr^ L ^ V ^ fp] ('^1^ it t> -v- X :7 a ^ 33 V h 
P - ^ X'&im^\ til ^ i^T f^Jfil5^ ^ ^ . - CO X (<ig|H 

%m2^ x,'^)W\i^^^f\^'^. m2x\-i. 'My.'mT^'^^w^ 

40 [0 0 3 0] (rc A- 

*M PJ^ ^ ^ (1 . — S.¥i0 -V -V /U-^J^ ^ tL^C G 

-y^WSc^ ^fjr: J: o T T CD Ho f7:)/Sdl5f^lg 5 ^: ^ 

mz.^^O~^yyr'^T-mx'B> 0 1 _h^:li¥v^G a Npf^'fl::^if^ 
^zgfr^i*$fp?#flf ;Sr^ >^ yWjsSdi ^ it . — JL^y^ 

50 h-^yr^ TS« 3 0 1 ^-xm.^\^{cM ^ ifil". ^ L 
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[0 0 3 1] ( b ) m 1 J: o t^mmmm 

■ MOC VD^M4-ilV\ G a N^. fb-^^^J-^^l* W^^l, 

»H-Mo c V Drife^j-e+j- :7 r rmm 3 o i .htc^ 

[0 0 3 2] mTim-mmm^w^. m\^mtmmm 

T. — jai^fbWiiS • MO cvT:>mwt^hi^M.'P\cm^ 

3 0 1 ^mi^w-m^i-^m-^n. ^j^-^o:>m)]i^it.sdi 
[ 0 0 3 3 ] ^^■mfs:^^'^^iy''Y/i^f5m^\^mi-^i>wm 

J: ^ is (? ) m i t (' c g g i- /j . la^ (, c ^ m b T ^ E M 0:', ^ 
^ ^1" 5 ?iJ /j ^ a:) m V ^ f ^J: . c?:) ± ^ b ^ ^ -v Jit 

t^^^ C^. A 1 G a N^tDA 1 ^-^tPG a N^ft: 

[ 0 0 3 4 ] Mt-'^n-'Fixr/^G a N^: fl-^#3^i^^t:f*^.S 

;^^'^i^v^K#'C^vj:. m i a tc^^^i-J: 5 5^. I n G a N 
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/j^ec ^ . -j-y ^^-Y n^rmei:bi^f^^^^^' /.^gii^te 

[0 0 3 5] fi^ot. ^Si^:7;^-ni/-;55a^fT\ Jg^g 
^ I::"' ^ ^ 1/ \ )\y'^2%^m^ <?.:>-t (-ei ^ ^ /l^/Sft 

£:ji^c?^^ill ic:^ ^/ /\-f5%-M:ir ^ r <^ J: 

[0 0 3 6] i^.T(-. t^^^(D^^-m}m\^^G a N^ii^t:"^ 

A 1 G a N/G a N t^^^ :^ 

ffitjo 3M^:o£ffi^^:o^.^T. ^oym^-jf^^^M.m'^i^mm 

[0 0 3 7] (-r) tilMi5iX@ (^C7.:> 1 : ^—^Ji-^ [) 

:%-r. -^mM(o^<;u^i^§,mmt\^x(D. 

5 0. 8 mmO c ®+>:7 r TSK 301 ^"ffl^ti" 

-So :ic7:)cffi^!^:7r-rTSffi3 0 1 ?5fe#-r^. f^¥^ 
■^ntL-^yr-^T-mm^ 0 1^. mi {c^i-Ji-fcfeitrlii^!! 

2 1 1^1^. #mt^ 2 5 ltS^jK 

mmm^—^ 2 1 \z,^^xmE:uM'h^ 1 0 0 ox: 7^ 

^y^b\Z.%m-t^^. Z.(D^. HC 1 #At^2 3 7:)^i^?^f?|^ 
;^'yr>^ (Ga) 2 9lcHC 1 .:^'v<.^0. 1 U :y h/l-/ 

5->aS m^'Y -5 <^ . 3t ?ff^l.-I^J 7^: G a N :r. ^ :3f- ^ /Uj^itfi 

ii o'rJrj^ili :y ^ /j^ i r. oy\j^M. ^ i o 5^H.Tff^;}f= 

[0 0 3 8] (n) tu^HXS {^0-^2 : |^iSi(7D^ 
-fl::) : H C 1 l-ih&'^fcf^ (^ffirL^fJP?!?^; t - >^ 2 7 c;;?!. 
m^T^-fx. ^^^Zf^U&t-B 0 0T:(C^;^1-^^-T:'# 
m^^XiS:^mxm2Bf)^h7Km U-U ) 

^;^7^ y ^<t m^r^ ^^tm^. n h,, -Jj"y^ myj^^ 2 2 t!)^ t> N 

iSy^tmmiJy-^(Dmm±^ti^^\ u ^/ h/i-/:^'. 0. 

5 y NH. ;^/:7^2SAt^2 2i)^h]>^l-l, -^7^ 
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[ 0 0 3 9] (^^) m 1 ~-LU : ^(D-ik. G a Nffi?^^ 
-ftJl 3 0 2 NH. y/x^^AW 2 2 -/J^ ^ 

i'^l^PX-T. TMG;^>>4''3. 7 X 1 0" -"eyU 
/^-Xf 4 j^'-lk-to ^ c^'.^'i^^s TMG i: jR]0#(::H c 1 ^ 
^oy^m±0. 1 y hyv/^^r L/C. rni^J: 
^3 (a) (ci^-rj: ^tc:, c®^i-:7T-m£^I3 0 10 

1 0':^mm{^. llli? 5 0 nmC7:)G a N(S;tM-Jl:il 3 0 2 ^J^' 

^ 5 . T M G H c 1 (^'.M^i^i^fe^ '^ih T . m-m^^& 

^±#^-frTii-lr:7"^ 2 6 £7:)Mit /5>l?t/ 1 0 0 0°ClHT- 
±#L/ct^. ::^/';^3S7^1r 2 4 /j^bTMG^' 1 . 4X10 
- ■* ^jv/'T^coiiM-^-^^ni-l:, :tf:7.Q, 9 5 y 
^^tfc(-f±t|&LT. MOCVDft-e*tJlB#rp1t50jS:fi^1- 
rix|Cj:»9. 1113 (a) tC?p:-f J; 5 t-. GaNffir^ 
3 0 2(7:)±(^. fllJ? 2 ju m CO G a N ^ 

/i^/^fe-^ii 3 0 3 

[0 0 4 0] (:=■) ■^2X?M : ^tcr^Jt^? 0 0°CI=. 20 

-CTt't\ y?/X2lAf' 2 4 ^ . If 0' T M G .^^ .x ^ 1 . 4 
X 1 0- ' ^7\^yj^oygm'X:-m^i-^ t^{c^ TMJ ^dr 

2,. 7X1 Q- -^^ ^/ix/^(7:)^ft-r-#t^:^i-a. mm^H 

C 1 ^0. 1 y :y NH. .:^^^;^^7v%- 

2 2/j^^NH3 :^4 0. 9 5 y :y h /\^X6^-r:iP< 
#&L. 6 0^>Pp1^ti^L. US (a) Ga 
Nrcf^^v'i'/Uj^J^-SjiS 0 3C0±[C. MOCVDjfe 

[0 0 4 1] B3Xg:-^C0f^, TMl , TM 30 

G. I-IC 1 t?.>f:$t^drlh&'). NH. {•^^L/c^^'ei:Hir-7/^ 

A^Lr/J^fD. HO 1 y/>^^-HC 1 ;^;>^^±t|^t^2 3/j>(b^ 
7vL. ^f^f*;*fy '>-^2 9 tKJt^^^XG a C 1 brf±t 

Iti^^ r t X\ ^ II m/ h (D]t.-m&)S.-r: . G a N31 

e^:^^/^^/!^;^^*]! 3 0 5 ^mtmmmmm-m^'^Qo 

:l(D'^^. [113 (b) I n G a N:^! t^^J? 

^V^>-V/^ll^M-/i 3 0 4 0:)Al\ZL^ WL]W- 8 0 mtJOG a 

1::= ^ A- ^- Ji^r&^m 3 0 5 /J^^ . Ji!^fb4^J#m^ffi J53c-il: k- J: 

1 ^ ^JJb bb . ftt? ^9 TM G <^ H C 1 x 

«^ 2 4 /j^ ^:^r^^t LTl . 6 m m/ h o:)]^WMJ^-<:\ G a N 
^1::^^^ A^iz-A-yUiSt-figS 0 6 MO C V D^jfeTjajo-:!: ^ 
•t!r^. ^1(50,1;^:^. 0 3 (b) I'C^-fJc^fc. l^c]¥0. 5 

M i-nO^ G a N:3i tV/ ^Y' v^-^-yl^/^jc"!:)! 3 0 6 /jS. G a .N:ii 

[0 0 4 2] (-^) m4 XIM : LT. •^^±y''/Um 
^'5 0 O^C^-eTtfs :i<DUm^:^o\^^'C. ^WM(Dj^}t^ 

^§g:2 1 F'^t::. ;t^>>#:AW2 5/j^^7Ki!l^2gAL. JJ^ 

nL^y^-:y^y':t't^o Z O:) -Jf y tX . I n G a N 50 
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:x- ^ V- /l-fiZ-M:m 3 0 4 (?3^ ^iltRl^^ (C^i ^ V 
ir^<DX\ m4. (a) lc:^i-J:-5lC, InGaN^nt"^ 
:3r->"Yyl')5)c-l:jl 3 0 4<D3^{CM\^X'^-^ K • ^^y^'^'^ 
'/j^Mffir^, :i(Dl n G a N^i t^:^ v'-Y/Uj5feJl:Jl 3 O 
4 {73;ifX^^y^>':^'^'(j:, I n G a N^t":^?^^/-^^^/?^^! 
a 3 0 4 7';^^^:^t^?H:5'^-r 5 Xff 0 < . ^ fl 

T!'fe<^. "(^^ 114 (e) fc::^rJ:5tc. g 

a N:3i t^5/z\--->-.vyix/5S;-Jf Jl 3 0 5 2^t/G a N ^ :5r v- 
-^-/^^3^:Jl:Jl 3 O 6 ;6^^/j:SSf]lf*:^. G a N 

-v^i-iS;'l:Jl 3 0 3 J; ^9 T(D-^yyT 4 r K« 3 o i ^ "e(73 

3 0 S^U^'G a N^^ v'-V7^]J^-J:ji 

3 0 6 /J^ ^ ^IJlfr ^ G a N re t:° ^ V yl^i^c* ffl 

4 0 1 LT#r^n^o 

[0 0 4 3] XfBoOj;^/^, *-BP^(7:'G a N^t:=^$^3,^>- 
-Y/Vi^j^ftili£K(73i^it:^^£('- J: tLil. MG C V D -Jfe-Cat 
®^ilV^^S-Sa*'eG a N¥-*^fp»M 3 0 3 ^^3^ t^^ ^ 

iy )\yf^9i^^fcm^. I n G a Nl^li^a^Bttlli 3 0 4 

ilSfllS 0 5 ^-^t"^ A-^v'-V/l-jift:i:LrV^6tD-C\ Ga 

)i$fat>o^^tt755i§< . ^ra^r7:^- Pi:/- coffins G 

a N^e^3^i/-vyu^.S4 0 1 ;a^f^:^fcii3^,'ii^5„ 

[0 0 4 4] Mt-. l^m^iiC^Z^^ ffi¥(-CG a N3it:':$? 
^>v'-ryl'j:SSJl 3 0 5:^TJ^G a N:3it:^:^=3f^'>-t/^;S:S:ii 

3 0 6 yj^h-"^^mmitt. G a N ^ ^ 

3 0 3 J: i9 To:>^-yr 4 rmm 3 o i ^'eo-aafr^ifij 

M-r^<DX. G a N3ib"^af-i/^yU^:1^4 0 1 

^6tc. ^i/^-y-:7T-YrSS3 0 1 

«3 0 l^WI^UT. G a N:3ie^:3f.v'-v/H5it:g:fflKtS 

^■i%<^(r){::\:tLX^ ^^^^l^iMMmX. G a N :ni b" ^^r v- 

[0 0 4 5] A 1 G a N/G a N b" :^ ^Y' >^ -V 

mf»ix-|ii. m 1 xfM^r/ irc 2 Xg^ -t^fi. iWid! 

[0 0 4 6 ] (^) m3XM:m-h. iKl 5 (a) (-C^ 
'0 2X^M^:::^o^/^'C. G a N:r.b°^^V v-'V^l- 
JTjcft® 3 O 3 (DX(C. I n G a N^b''^=3f-VY/V-jSc:^Jl 
3 0 4 ^/^jtif TM I , TMG. HC I (DiMB 

4- lb NH, a'^ul.tz^.~iiX'f~±y ^ UF^.^ 10 0 0 
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2 9 ^ixJS $-li-T G a C 1 ^ LTfiblti" 5 r. i: T\ 

5 0 fxmyho:>)j%WM^V. G a Nrn ^Vi/^/i^^-^ 

g 3 0 5 ^-jiK-a-r^o ^ii'^s*. HIS (b) ic^-rj:5 

if:8 0 M m£5DG a t:"^ :^-->'YyVi?3cSil 3 0 5 

0. 3>x^0. 05 

}^T(OX.UX-a)m^^iy'^>i^\^^.ty ^ I n G a N^t^ 10 

^ :3r -^-yVj^^cSJl 3 0 4 i: (7^:ni :y ^- V ^^^:il-j-Ri:b/j^-|-^^>:^ 

^<i±}5K^:^^tDT-^.:)^. 1115 (b) tdi^i'J; 

5 i'-. 1]I)¥ 1 0 mC7-^ A 1 G a \f ^' -y Jl^J^MfW 

3 16 /p\ G a N3it=^:3^uc/.^.yi/^_^g 3 0 5 £?:) Jiiilig 

[0 0 4 71 (t:^) 04XJg : ^LT. ii-ir:7'^^^S 

^^^y^l^V^nOo ^(D:^:^J^>y^>^'lt. InGaN 20 

:3it:V^ :3e>^^.yl/j5j^J^jl 3 o 4 (D^^mm^^C^ :y ^- > 
ir^(D'X:\ me (c) I'CTT^i- J: 9 tC, InGaN^t:^':^ 

-r-So >::C0 I n G a N:3^e<5^:^^/-V^^J*ft® 3 0 4 (7:>i/' 

::^:x.^y=f':y^'l,t.^ I n G a N i^ ^ iy -^^ /\^fo%mm 3 0 

4 -5 ^ Tf? 0 < . « flit i^-T 

mm^i^Z^X^. me (d) {CTjki'Xo'i^. GaN::"^ 
\:f^^ty'YJl^}^^-M:m 3 0 5RV^A 1 G a N f ^ 3^ >> 30 
/t-iS-l:)! 3 1 6 ^ailft^ . G a 3f- ^.-.y 

/i^iS-Jftjl 3 0 3 J: 1^ Tf?:)f-:7T-r TSS3 o 1 ^^xo:)^ 
i^-ry^fS.'SiM 3 0 5 2^t/a i g a t"^ ^iy-Y/l^f$.M 

il 3 1 6 /j^^t)/ce'S)fSilH^/i^. A 1 G a N/G a N^zb'"'^ 
=5r (J^.Ti'-:ro(/^-C Ta 1 G a N/G a 

[0 0 4 8] JulEiCO J; V ^'j:. '4^'mM(OA 1 G a N/G a 
N ^ =^ iy ^- yu}il-B:m 'MR J: JiX tl. M O 40 

C VD?^T'i:bgcW*V>j5rSc-JSiliST'G a N 3 0 

3 v-i-yl-i^if ^-ti-/cti:{c:, I n G a Ni^Mfs 

0 4(Z)3r.t:"^ae>>--vyUj5jc,-JI:^''ttV\ -^(5':>_b('Cia7ai 
T-G a NWS^pMIS 0 5 ^iy-y/Vjifi.-^ L.XV^ 

5co-e. G a Ni^jigfifi^reiS 0 5fi. — ftil^l^j^c L 

'MB^^^y^'^Moyi^M^:K(D:k^ ^fj^. A 1 G a N^x^t:" 
2ri::J;^. A 1 4'-a^?j:v>G a N3ib"^:^^i>-ry^j7S^.ftJl 50 



f^M 2001-342100 

16 

m(DUCl:^'7.^Wi^ir^:LkX\ ^^4 O m/h COJ^^ 

:ft:i$-^'C\ A 1 G a N^ t:°^ v--^- /U-jj^-^jl 3 16 ^l'-j53(: 
Al. Ga^ - . N^ -^-yu 

^SSii 3 16 o:>A 1 cosa^x ti. 

(2) 

3 0 6 (0-m^\z.\:t ffii6T/J^^ < ^ . Jl!:('C:^<^:T-?:;^^ 
mtt:^5t#?5;ft5c o^i?, ^IgP^cOA 1 G a N/G a N 

^^t£l£/j^iff < . p v^— (7:)'jStl."/':iA 1 G a N/ 

G a N^t:"^:3e'>-Y/V^ffi4 1 1 /jSMn#rp1(C, 5a^J; < 

[0 0 4 9] X. SJiJi/j^A 1 G a N b° ^ v- /UJ^^. 
:i:M3 1 6-Cfc6(OT\ 4 X^^t^^rv^tl^i ^ ^-^IJ^lc 
^DV^T. A 1 G a N^t°:$?:3f 3 1 6C)rc:y 

^V^^'iiiSl'-Mi-a I nG a Nrce^ 3 

j:tj t:2 4 0 omnmo:>iK^fi:\m^~r^D:Lt-hm^^ 

(A 1 c7:>ia/icx = o. ic?^:^^-^^) □ ii]4 (d) 

SJnJi/j>. G a N::^e^:^v'-v/^J?Jc*Jl 3 0 6 
(75:^^*^. I nGaN:i:t°i57er'>-r/Vj5KSil3 0 4CO:n:: 
^;/5'->'^^ilSc^:)G a t^i?^ =^ v-^-y^RfeS/l 3 0 6 co^ 

5'- >^ ^-'iS it S ^ :y ^ >^ ymmt l-l 4 0 ISSiST:- 

>y 5=- > ct ^9 . in 6 ( a ) \c^^-rmmMoym ^ 

ffi^tCG a N:x:t:"^:3e-iy^ylx)$-^ji 3 0 5^U<A 1 
G a N^ ^ -y /l^ft^ftil 3 1 6 ^ T'^ iFIilfr t . 
G a N^I::"^=¥v^-^-/^i$:ftjl 3 0 3 J: "Of (J:)^)-^ r ^ T 

mm.^ 0 1 ^T'foit)i*{-«t-5cor% a i g a n/ 

G a N^e^=>i/-A-/KSt;i^4 1 l^#^/c(^5(C, 
-yr^ r i^ffi 3 0 1^ 5 ii^^^ t) V ^„ IP ^ . ^j- 
r-rr^KffiS 0 1 ^^?FiSLr. a l G a N/G a N^t:** 

^ ^ ^ /i-'^SJi Sffi ^ ^ c/:* j;b L r . }t mmwi 

X\ y\ 1 G a N/G a N^ b^-^ '^-vyl-St^ 4 1 1 

[0 0 5 0] ±:ffi(DA 1 G a N/G a N ^ 

/Si^J^aStefi. G a ¥^^\f^^'y-yj\y\k-WM 3 0 5 cV^Ji 
Jl^^A 1 G a N^tf ^^^v'-Y/U'iSftil 3 16 (f:)WMWk 
Xt^-^fz.. G aN3it:"^:3rv--A-/U;?3tftii3 0 5C0§P^ 
A I G a N^e^:^v^-^^yu^3ti%ili- t)J?<V^o HP 

^J\\1)^, Al G a N^t:°^^:>'-^-/^'/3<;itjl-X;'fo^*1S'^C 
OV^T. 7 ^;iV>Trd0jH^5o SfJ^JiXS. ^IX 

fM;5^tK |l2X^MrJ:. |tjjZllC7.^G a N::i:^t"^:¥V-VA'';^jc-S 
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[0 0 5 1 ] (^) mSJlU:'^2Jlf^X-GsiNzn}z" 
^i^^'V-^'/^J^citH 3 0 3 o:)±\<l I n G a N iy -y 

^l^/^S-^il 3 0 4 trji^-M:^k. TM I , TMG. HC 1 (Di^ 

ffi^i 0 0 o°c^-eji#$-\t^o -f-^y^mmib-^^&v 

HC 1 :ff :^=kHC 1 ::^f 2 3?!)^b#AL. ^Rf*:.;^/ 
y 2 9 <^SjS^-ii:TG a C 1 ^ LTffiJiJ^^i- 6 ^ ^ 
-C\ ^^2 0 miiyiiO:)j^^WM&'X:\ AlGaN^t^'^A" 10' 
v^i^/t-j^-Sil 3 15 ^-i^^-Jlt-^o :i(7:>SriifJfc. I n G a N 
:3it:"':^ A^v/-\-/Uj5}(;-jS:il 3 0 4c?.>±(c:, JJli^S.O m<73A 
1 G a N^:^!::^^:^^/-^-/^;^^"!:^ 3 1 6:^^%hrl^o 

tbU. ;tr;:^fti^^^f^2 456^bTMA^MbL/ca(7:>HC 1 
:: ^ "T:\ i 0 m m/h o'.:>iS;S31^-T:\ 

A 1 G a N^I::':^?:^\->'-^-7^^S)i 3 16 ^J^tS^-lir^o 

r oy^^w^^ \\%W- \ 0 n nic:> A 1 G a ^ ^^-y^ jv'f^ 

3 1 6 /jS. A 1 G a N^t:^:5^^>--^/V;S:^ii 3 15 

A 1 , G a 1 . , N3it:=^^>--^:^/i/j5g;^]f 3 16 (71) A 1 
c7Dm;*x{±. ±fE (2) S^-e:^$;^X^4i5|lIf^iSic31^-r 

[ 0 0 5 2] (d) M4XS : ^LT. i^'lr:7^^j^.i^ 
7 0 o^C^T-Ttf. ^c7^^:l^i£(u:^5v^r. ^3£Mc^:'JS/S 

^^y^^-^^^nOo :i(D:fy^^=^^y^:y^i^^ InGaN 

-ce^:3r>^-V/l-l*-l:jl3 0 4 (Di^^miR^^^^^ rf-l^ 
i'^o:)'<:\ m? (a) InGaN^ifc:'^ 

i-'So ^ C?::" I n G a N:r. -Y /l^f^M:M 3 0 4 f?:).:^' 

4 5 ^ xn -J 'J^^^ii±m < . So 6 f^J^ -ii-'^' 

K • ^:y^>^^7jvil^TL/c^^©T'lh*6r^V\ -^-LT. 

m^MC^J^^. 1117 (b) Al Ga 

Nait:"^:^'>-^^/Uj$-^jg 3 1 5RV^A\ GaN:^^^^^- 

^^'Y/i^j^^MS 3 1 6 /J^ h <3 Wiii^t^ . G a t"^ ^- 

v'-Y/L-iSftii 3 0 3 J: ^) To:)'^ryT-ir'mR 3 0 1 ^-e 

nih:">^^e/'V7U;:$dS)l 3 1 ^^XIA 1 G a N :3i ^ 
-V/^irMfrJl 3 16 ;a^^)?ti",*-^ft:Bft<?i>. A 1 G a N^t:":^^' 
^i^r^^-^^mm^ (JaV.T('vt4oV^T rAlGalM^t"^ 
:3?-v^-V/U'SSj i:V^9o ) 4 2 1 br#f^tL^o 
[ 0 0 5 3 ] ±fB(;:)J: 9 *^pj^c':)A i g a N^ct:"^ 
-V 'V ^H^jcSIt^ mm o:)m^-^m^ J: ;^^r^\ M o C V D ^£ 

G a N*r^,f0»Jjl3 0 3 ^-31 b"^ ^ ^^-vy^/S;-^ 

I n G a N^ri^EHiWlif 3 0 4 \z ^ '^c iy ji^jSi'M: 
^tTi\ ■^<?:'_btc?ii^g-eA 1 G a N^ig^SSMS 15^ 50 
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:r.}i°^e^iy^^jVf,%^\^X\.-^^o:)X\ Al G a Ni^1i^gfH|lf 

il3 1 5f:l:. ~m^f&-^tiX]^i^<>fzMA^'K^m^^h/xj 

1 G a N:3it:^^3^-v---Y/ix/^3c-JS:jl 3 15, 3 16 c/^i^ih:"^ 
=3f-v'-y7Uj*-S^tT9>l<^t-J;t9. A 1 ^if^/cCV^G a N 

:3^h:°:^:^'V-'\'/W?£-Ji:)l 3 0 5, 3 0 6 coJ^-^I-Ctb L. tl 

— (7:)lffitL7^A 1 G a 'H^\^^^iy^)\^'^kB.4 2 1 ^a^ffii^i 

[ 0 0 5 4] Mi-s *9 ^ ffl¥l-A 1 G a 

t"^ A^v^-VV^j^icftil 3 1 5.^rJ<A 1 G a ^ ~^''y\ 

yi-j*:Sil3 0 3 J: ^-^(n^y r ^Tm\^^ o i 

jl f$:(;i|^ijai- ;5 (7:) T:\ a l G a N t" ^ J'^-'MK 4 

2 1 ^tf^fc^?':^!'^. r "f r Stl 3 0 l ^W-Hi" 

A 1 G a N^it^-^/ A-^^z-YvVl^jc-S/i 3 1 5^1)^3 1 6 ^4"^ 
V ^ T V ^ ^ -c\ Sg 4 X|lt7.:»^tl 5"- > :^7^'B#{c:to 1/ . 
A 1 G a N^e-^?:^^.^,^^!^;?^^:]! 3 15, 3 1 6 CO^ 
^ly^^m.m^n't'^^ I n G a N^e^=^'>-V/^;*Sii 3 

i-tj /j^ 2 4 0 0 ftS^<7:;A# ?:^fflt'-i-^ /'j^tU^fe^ c^:) 
-C:\ -h5^7:£'^11^>>^v>5'''tc:J: 19. HI? (a) \C7f^-tm 

[ 0 0 5 5] (mr <D'mm<DMm : ¥#-f* M5t 

-^j'm f^i-. (7^^ 9 LT#i3;^^/cG a N3lt:-'':^?3^-^/ 
-Vyl-liS4 0 1 ^^m\^^fz.-^mmo:)m i i7:j|iii]i!i(7.^j[^^iic{f. 

[ 0 0 5 6 ] 5fei". -A^mm(om i co^ftcojp^fgicf^.^^^ 

ftv [11 9 ( cl ) C::^^-]- J; 9 G a f'-j^ ^> 

>--V/Ug|g4 0 1 C'.-^Xi::. iiMG a ]>l =^^' ^ -^\y -Y 
JI-Jl 4 0 2. n Ma 1 G a t"^ -\' /Uj^H^Jl 4 0 
3. nMGa N::nb":^:3\^>^i-yUj5K-ftJi4 0 4, MQW^g 
ttii 4 0 5 . p MA 1 G a t"^ -^'y-Y^^f^^M 4 0 
6. pMG a t"^=Y->'-Y^l/ij)cftS4 0 7 . id MA 1 
G a N:n^t":?^v^-\-/Vj5jcftji4 0 8 . pMG a N^^^t"^ 
'^'iy'YJ\^n%^^MA 0 9 . n MG a N t° =^ 
ji4 10. pMG a Nni t:"-:^:3rv/--\-yU|Sftji 5 1 . pM 
G a N::n t'^^Vv^-v/W^ic-Ji:/! 5 2 -dT. :i (?,:>)llii'^itfM b 
ffii^'^m^^ UTV>^„ ^9 (d) {^^t-J: 51-. nM 
G a N::i:^e:5'^>v^-^-/^)53i:-Sii4 1 O^Milb. pMGa 
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f|55^^?:)c7^^^^LTm^)ft/J^l^;}x. MQWrfTttjl4 0 5t-.io 

MQ wSttii 4 0 5 o:>mm ^^y^y KM <!: ^'cf ^ n Ma i 

G a N^^t:'^:3pv-^.yt-;5g,j^g 4 q 3^tJ<pMA 1 G a N 
^ t:"^ /i/jjifeif ii 4 0 8 ■X^'-RA>yci'i:^^'7VU"---7" n t#3t 

{z.^v)^ ij r4-Bf!i:c&'>Tv^6. *JiJi(7:)piyGa 

A- >^ ^i-j^-mm 5 2 rJ:. iSJ^Mfe^^rJico.^-— ^ 10 
^y^ -zx l-jf-C^^ «9 , pMG a N e ^ v- -V yl/^jt 

ftS 5 2 ('Cifl. T J — Vrnm 7 1 5: :y ^ JStti^-S 

J: '3i-^f^^^tLrV^S. X. pMG a N^t:"'^?^^/-V/^ 
^:S)1 5 2 7)^^nMG a t"^ -^^ yU-fiit:!:)! 4 0 2 

Kmtii^ f9 fii LJli^tT^J^fPteiiim L7t iiMG a 

t:''^ :^->''VyVjSi:i:il4 0 2 y — KUffi 7 2 

a N^h:°^:^v^-^-y^^j^.:g/i4 0 2!'^. r^^^r^^l^^iScO:^ 

[ 0 0 5 7 ] [H 9 ( d ) {z.jT.'ti^^-^Wioym 1 f7:)|i?"jjfiTf7:)ff^^. 

^ ft a '^/i ^ ^ j^^i-n^m m 

[0 0 5 8] (-r) ll2(C^^-rj; 9/cf:MOCVD 

m\^fi:t'^h%m\'^ (RF) ^JPff^:=f-f 2 (C51®^r^^1/!fj 
ii-'lry:^^ 3 3 c7:>Jitc:^iN/cG a Nait":$^^f v-i-z^S 
*i4 0 1 ^tinfR\b. i^-i?-7''^rfii*;a^' 1 i 5 o'C{c:/j:^ J: 30 

YjJ^V^T?, TA/IG^7K*'C#f^L7t S i H 
, oMM^^fMh^. -Hiil (S i) mm'')rvm.O 
^ A^'>-Y/PjS-l:ii 4 0 2 4-. mS (a) l^T^i-J: 9 
G a N^e^ar'>--vyua^;|^4 o 1 c7.:i_b(cR)i: 4 m-Cjife 

i[ES?f^;^JPcO n^flJA I G a N-=J^ t'^:^ ^ v^-V /Wi^cSil 4 0 3 

0 . 8 II m/Sil-t'^a TM AOfitjj^^^^-f^ih L > 
'CniliG a N^l::°^3^^v--v/Uj5j^-^il4 0 4 4-. nMA i 
G a N^^^t':^ ^^exi^-yl^/^^it-il 4 0 3 (7,:)±iC. 0 . 1 m m 40 

[0 0 5 9] (P) ^L-r. TMG. S i PL, f?:>W|i^4-' 
f^lliL/cm^ i^-lry'-^^liig^irS 0 O'Crj^-e^T^f. -!^-lr:7" 

{C^:eLT/j-^i^. TMGi:TMl ^#-ytL. 9 1 
ToJ^=l:l:L/'cTMG ^ TM I o^y^ ^y ^^^m^^XA-<ro^ 
InGaNS^^^F (QW) Itit^i^ b ^ -^^I^eS (^T 
^c:.1oV^T rMQWt^'Mj ^l/^5a ) 405^. HIS 

( a ) {^751^ J: 5 J-mfSi-^o MQW?-Si±il 4 0 5 f^. 
-1.:^#F1S <^ L T I n lijijc 1 4 % "C, if: ;^ 3 . 5 n m 0~) 50 
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I nG a N;r_t:=^ A- iy-Vyl-/5ic:^/i. ft^PSI^S^L'CI 
n la^A 3 ^/oT^J?"^ 7 n m(7.:) I n G a N:^^ \f ^ ^ )\^^% 

[ 0 0 6 0] {^<) TM I ct: TMGc7:)W^^4-fflbLX/j^ 

H^-fe:/t5^?l.Ji^l 1 5 0°ClcMi-o -';f-ir:7*':$^tagE;i^ 

1 1 5 0"CtcS::£LT7'j>6. TMG. TMA:5^Ij^Cp. 
Mg^W^^^^LT. -v'^^^^>->r:7i^ (Mg) lg^:^JPtDpiyA 1 

G a Nnlt'^:3{.v^■^-/l-j^Jci^ji4 0 6 ^, VlQWf^-ttjf 4 

OSOite:, 0. 0 4 M mi^SizR^itoo MV^TTMA^ 
-L^<^;. pMG a N:xt:"^arv'-^-Vl^]7^.,i:ji4 0 7 4% p 
A 1 G a -\ JVf^t^M A. 0 6 C?.:)_h{c:, 0.. 1 

miJjcS^-tir-So ^STMA'^i^iinl^l^^bTpMA 1 G 

a 0 8 pi[!G a N^h":^ 

^-v'-vyUi5jc-Jtil4 0 7(7:>_h(';i0. 8 M ni/S5^'tL->5o Ift 
\/^T. TMA(7:)fitJ^^#ihLT^(D$^-?^^*:t->^^?jUi^ 
iPCOpMG a N^t^^:^-^/-^-/lxiit-a:)l4 0 9 pS^A 

1 G a N^e^^v'-A-/l^j!S-S;i4 0 8 (/^.btC, 1 ^ nij5g; 

(C7k^T'*|RL.fcS i H4 ;tf;^tr*ltLTnMcoG a N 
^b^ y :^'>-VyU;53ti® 4 1 0^, p M G a N :xi t:" ^ 
-\-^L-J*-S/l4 0 9 C3>_LtC, 0. 1 Aim/jjt-Jt-f-^o 
[0 0 6 1 ] (n) -^cD-M. TMG^SiH, rtT;??. (7:>#t 

H. C5'M^^^^=£-i'¥lti-5o iii.-h6'.:.j; 9 [.dt-T. HIS (a) 
(•C. UlTj^^'Wlfl&LTcv'y invil^f^i (S i O. II) 

■0^7" b ^yyu;^-ny y V (cf, ) ^(t:)^^^ 5^y^y'jlyJ 
;7.^Jlv^7'cJxi^;^t^'Y;^:/-t^:y5">^y^ (R I E) ('Cj;t9^ 

S i O2 fll^-"^'y — ^>'y^L. nMC':)G a N:r.e^ A^iy 

LT. 60:31. y:r->-y'ji-^;7,^ (s l -^xy) 
V^X. ffJ;i|-J:\ a* (C 1. ) CltLCiHifi'Mlls^? 
(BC 1 ) ^;/JP;tyh^VX^^:y^>'yJ¥J::^/*y>i: LT 

lilMM 4 10 p mo a N::i^ I::' ^ ly-Y y\-io^-M: 

ji4 0 9(c, ms (b) tc:^i-J: ^T^^ePJiajii^JP^^jc^tL^ 

[0 0 5 2] (7^) lirjtPy]T^j5jc.icj:i!v^yc:S i o. -^xy 
?MI::r>'--e^r>A (NH, F) 7kmm^^hti:^s \ 

rct"y A^S/-yyu/iic-S:g/'j^it#:^^7tG a N^t"y :3^^v^-\- 
y^'lt1^401^. [H 2 (c:7p:i-MOC V D^gcOl^tCagA 
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5 0"C['::;loi/^T. TMG <^ C p . M g ^ft^&L. pMG 
a N^t:°^:arv'^-7U;iiJ;J5g 5 1 ^iSS^-^-^o '(ILL:ico 
pSl^G a N3ie^:3^-v'-yyl'^:l:Jl 5 1^:^3#(DC p. M 

4 0 9 c?^B#<ir Iff] Cft i: L. 1 u mO:>j^-m^X. ^ . 3fe-f ffl 

iis 1 t7)_h(::, (218 (b) (ciTFi-J: 9 {'^1, Cp. 

Mg ^t!.('C13fa^C7.:)ft(Cig^-^LfcpMG a N v- 

y^'^?ii.S;^5 8 5 o"C:^i:^T/'j^o/c^ r '5'c\ nh, (7:)fit 

-VTt^ ->±t^^'X:\ ig^^ t° /i-^ft ® ^jUtffl 
^^TbG a N^e-5^=\^v--\-7Va^4 0 1^. MO C VD 
SS/j^bJ&DttiL. ai^tU*^?'.^^ pMG a N^e^^^-v- 
Wis^Ti^^Mii^fiass (SEM) ^j^v^'cm^-r^, 

^C0l|ffffiSEM|l^{Cj:l9. pMG a N:I^b''^^^/■^-/^ 
[0 0 6 3 ] :ilM::i::e^:^->/--y/Uj5jc-jS:/li73 
:ft_h^COpMG a N^h^^^Vi^/UJ^SJi 5 2i:(3:. S 

y y ^^^^ y ^ ^hlk'il^. I E ('C j; 19 , S i O, M 6 1 Ir^^ 
-^^'L. 1119 (c) tc^-rj:9(c, ^S^^t^^:3e 

:y 5- > y .X y 6 1 ^^i-^/Si" 5 . ^ L- r , 
t^. iriSS EMtl^licJ: ^mMV.fz.pm.G a N^b'y 
C/-^-/^J1fe:^g 5 2;6^bnMG a N ^ t" ^ ^ v' -V /^iS-lrJi 

4 0 2 ^^-eooif: ^ ^-^f^ LT. y " KiigF>^ ^) m Lii 
^Ha^oi.^/f^^-y^^ft-^-i^tyiii-^^o s i o. Bi^xy 6 1 
^'j^i^fcR I E{-.j;or. iEl9 (c) n 

MG a N-:ct:y7:3ry' -V./l-JvJ(:m'il4 0 2 /j^ftli',i~ 6 'C^i 

5o :if^9R I Erj;. f5^iJx.rJ:\ c 1 . ^^xCnBC 1 . 
^ -h 1:1 ;^ ^ :y 5'- > y x /j: ^ jlv ^ T ?t f 1 JI: V \ 
[0 0 6 4] (h) ^:y^>yjl-^:7.y 6 1 i: L 

TO'DS i O, JJI6 1 >i-aL/c^^. ^©(-niyG a N-^ 

cy-^yu;j3^-L^jg 4 0 2 \z.-^\'ty^id y — 7 2 Ji 
o':>^m^M%h br^y :^ (t i ) ^20 nm. ^ (a 
u) ^4 0 0 nm^t". )li^pc7:)K^ig^t?^^y^^^ 5/ y 
^^■^-J^iv^T'itiai-^. s i o. )JI6 \ ^t. nh 

, F i^^o:) s i o . y^rR'CT^^i- 6c :i to 

1119 (d) {Z.y^'t^^K^ U y h:^:7X 

tRi^l^(^;^y— 2 56^^<y-^:^y^;lx5. nMG 
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a N3:^t:=y 3riy-A-/H^^Sa4 0 2--(7D;^ y— K'Slffi 7 2 
f7:>#Rt^1^4rir UXIi. T i , AuCOft!l(c. A 1, I n (?) 

jSvM'±t i-^Au^$&6-/tf«jit#^-^'a'^t.prjt^ 

-efc^c -■e(7:)fi. rr/c/.es i o. iji^c vDfife-c:it5ii-^r 

5^>'y^ffi;tr;^^Jlv^:^cR I Etcj: . :::cDrrfc^.es i o 

, fJt^-/Ny — - >^y L. pMG a N^b'^y :^->i-yl/Jj]<;-fi: 

il 5 2 (njrini)m\y-r^^D^. 0 ir/c/^ s i o. mo-)- 
§IUvl||pg|^^-]T^j3j^i-'5. '^bT, p-MG a N^t'y ^iy 
10 -y 5 2 {C^-r 5 T y — Kmt^ 7 1^ 

^ bT. ^^yyyl- (N i ) ^ 2 0 n m. Au ^4 0 0 n 

MG a NJih-'y ^f-v^-yV^.iSrJi 5 2--cOTy — KTOtl 7 

im(D^mMf\t bXM. N i /A u C7:)ajiit3^-c7:)fiii 

y<yZ>^M. (P d) . T i . Sife (P t ) , I nO) 
M-M. ^V>f^N i-^Au^-^Je)fc:|*Jl«3g. -g^^-e^-ST 

s^T-fo^. s i o. m^. (y y v:t-7) 
— gf5co;^tc:, [19 (d) ry— Kmil7 

20 i — :=^vy^^6. CCOf^S 0 0°CT'5 5^Pfa. ^ 

b< fl7 0 0'=C-X:"2 O^r^imS. 

^tt 5 ^ ^ -r-:* y — K®ffi 7 2, T y - vmM 1 
[0 0 6 5 ] i^jzc?) J; 0 tj:^^m(Dm:mo:)m-m\^^y^^^ 

0ri:^#t4cOfij:^:ar»febfci: SmWC-m^/jM^ 

»ifr?f«^-rctTb. iljfl^mrjfc/;^ 2f§{::7'^-5^T^(7-:)^f-^^^4- 
^lJJAEb/Co #i^J4-i'jaib./cSf-^i:l:^*S-e'2 3 ^mxih-^ 
30 fc/j5, 5 0 0 0l3#rfl(?:'#l%^^b/cig^[';j:2 1 2fliT'fo 

•o /Co 

[ 0 0 6 6 ] -15^ :*|gP;^f/^ll*fic^.^m^J-{^^6^^ffil 

:lif^MM-ro5!C^^H-t3 ofii/-d"(t"efoo7t. X. '^con^fS 

V. 2 Om.Al?^^^5l.(.li:ai7rtM-JlbTl/^/c;6^. 5 0 0 0 

[0067] ^(7? J: 5 {c;2ts:|§0^co^^jfe(7:)-)f^gg(c:i^ 

-MHa^^ (- ir^ ii- 5 ^ /j^^ {:bl * 6 :i i: 6 . M (c, 

G a N^i::"y^;y-\-/vSte4 0 1 ffii^-e t^il 

ttii4 0 5ft3ir(Z)|tr®^S EM«i^^|lftb/c?i)-^. ft^ 
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[0 0 6 8 ] A 1 G a N/G a N^z t:" :^? v^-yylx 

imi(ommm) f^^i^.^^mi$^mm (w-^^mw^- 

^f) ormmij^m^mmi-^o mio (b) (c^i-^^iaj^ 

-"!ft^, KiCi^PJ!L:t|K|8 (a) -HI 9 (d) tmU^^ 
[0 0 6 9 ] (4) ^~r. m\2l;i^i-MOCVDmW:(^:y 

(D±\zm:\^^fcA 1 G a N/G a Nrc t"^ v-^-zl^SlJ^ 4 
1 1 ^^JOm^L-. ^^r-^y^um:/}^ 1 1 5 O^cciTtc-s J: :^ M 
Ii^i-6o ?^V^T:\ TMGtS iH, (DiM^^miii^L. 
S i ^^^JP(7^n§!^G a 'N ^ '^iy Jl^j^^m 4 0 2^, 
A 1 G a N/G a N^i ^ v'-A-yUSte 4 1 1 f7:)±.tCi33<; 

Mi-^a -^(Dm. TMA^iiMft#g-r6c:i:(c:j:o-c. 

S i i^^JPOnMA 1 G a t".^ v^-V/V^^-^S 4 0 3 

nmO a N:r-\ii^:^iy-YjUJ5^^m4 0 2 tDjidjag-^ 
-r^. TMAOnm^i^±LX^\^m^'XnmG a N::n 
t:*'^:^iy-\-7^^:g:M4 0 4 n^A 1 G a N:3i df- 20 

s i H, cO'm^^^W±i.tim. •f-'\^y''^um^s 0 o°c 

8 0 0°C(C^:^LT/j^^, TMG^TMI^tt 
#n 9 1 ^^fCTo^fl^LycTMG TM I O:)'^^ 

^m^^X 4^TCO I nG a NfOMQWfS'ttii 4 0 5 
m^^o TMl tTMG(Dim^^W±\^X'/}^ib. i^ir:?" 
^UJ^^l 1 5 OVAcm-To f-ir:7^^ t^i^/J^ 1 1 5 0°C 
t-^^LX/i)^e.. TMG. TMA^t/Cp. M g ^f^^il^^^ 
LT. Mgy^:(}pc7^piyA 1 G a N^t°>5?:3^v'-Vylxj^-Sjl 30 
4 0 6 MQWv'£-ffii4 0 5 £^_h[C;jjcft ^ -ti"^ . 
TTMA^-I^O ^9 . piilG a N3il::"^:3{^>--V'/^jS-Sll4 0 
7^-. pMA 1 G a N^I::"^^->^-¥yL-J5]<::^jl4 0 6 

n&TMA^^7B-mm^\^x p -mA i g a 

N3=-t:":^ A">'-V/U;5)<:-S:ii4 0 8 ^. p M G a h"^ 3^ 
i^'Y/l^!^:^Mm4 0 7 o:)Az{Cii^'M:^~^-^o JitV>T. TMA 

(Dm^^^^w±i.x^c<D'^^ugmm(DpmG a N^e^ 

:3e^>-\.yVjjg-g.|f 4 0 9 pMA 1 G a N:^^^^^:^^^'^^ 
/^}^%-M:m4 0 S(D±{:ij5^-^^-\t'6o t(0-ik. Cp, Mg 
(^ymA^ ^i^lh1-'5 <b li?Jfi#(C S i H, b X n Hii 40 

(;:)G a N:3:.b''^^i>'i-yu;5rfe-Jl:g4 1 0 p|[yGaN:3i 
t"^-V^/-V/UjX^fijl4 0 9 c7rJ:;(:r:fttJt1-5 -^^'^•fi. T 

2--c:)nim^ffihi-^:)o -y-lr:7":5^|^;.t/j5 3 5 o'cr^T'T 

(CUT. [110 (a) (^:^i-J: 9 4-#Jlt#5tc:?D5eit^t:° 
^ -V jvj^.^ m t> # 6 n ^ o 
[0 0 7 0] (n) yjSctc:. iUlO (a) {Z.Tv^i't'^Wt^^ 
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io. "v-x^) ^m\i^x^ mx.n. RiEtcj:^?, iggg 

(1. nMG a N^t:°^:^--v'-\-yl^j5g-S:ji4 1 0 4'-«::lffiL. 
pi^G a N:3ih:"^:^-v'^'7Uj5]^:^ji4 0 9 |lQg-f5;^=J7r^;5j<; 

aiJi^^::r^t^^^>i^^-y^i5jciji;d^ita^tbfcA 1 G a N/G 
a N:iit:°^:3r->'^/^JES4 1 1 HI 2 tc::^i-MO C V 

^•rRFM\^'-f ^1^3 2{cJ:^;fjpfSi^|pjfeLT. 115 
0°C-r^^y^b7t^r^T% ^W/LJl^-r^„ ^LT. Hj- 
-\^y'^'U.& \ 1 5 0"C(c::^d'1/^T. TMG^^Cp, M g 
#!^rp pMG a N^nib":^ A"^ v-'V/l-^^'lriS 5 1 ^ 
{0L:ic73pMGaNine^A->^A-'/l-/5S;:ftjl5 \^ 
SNFCOCps Mgftfl. itet-MfeSbyipMG a N^t'<j7 
=3rv/-A-yV/5it:^jl4 0 9 (73 R# R b S <ir L. 1 m mCOj5jt* 
(^J:^;. 5tTao/cmigp^-jS^5o ro':)pMG a Nir-t^ 
^^-v-ir/^iSSil 5 1 coiitci, Cp. Mg^lLiC 

3fS(7D4(Cii^L7c:pMG a t:°^/ v'-vyU^ivjc-Jirli 5 
2^r^'W^^^. 't(Dm. TMG(Dim^^W±l^. RF 
;f]niA-.^yl.3 2--cDiiffi^fflbi-5o -'i-ir :7°^ r^iS/j5 8 
5 O^C^-eT/i^ofci: NH. (JOm^^^i^iti- 

<^C^5T:\ iS*^^ A"i^-vvi//*-Jl:il>6^itffi^;h./cA 1 
G a N/G a N t'^ ^ ^ v- /I^StS 4 11^. MOC V 

D i^B/j^ to tu isr^^ ^ 'V /j^'ita 

^:jX/cA 1 G a N/G a N ^ ^ /U-Slig 4 lie?:) 

r.(7:)ifffiS EMSI^tCj: . pMG a N^t:"^:^>--Vyu 
/^feJl:® 5 2 C75*5f ® . n G a N:3l t:"/5? ^i^-y yU^g 

-M-Ji 4 0 2^ -'e(7:)l?-Egi^-aij^'r 6. 

[ 0 0 7 1 ] (^^) iiJctC. 3lit::ne^3ev'-vyl.j5jt-ftjlc?:> 

:R (D p M G a N A" -V yU/7.^-jl:ii 5 2 _b . S 

i o. 016 1 ^^mmi'^o '^bT. s i o. me i 

^—=^>'/\^. iSM^b-^^e/^-yU'^Jcejltc::;^? y— 
» m bfflS?^?f^iS;i-5fci6f7:)^- y=^-:y^m-^:^^ ^ 6 

1 ^'-Jr^;*1~>5. -^br. IfrriJ S EMftSl-^J; ^rt 

f^b/cip-MG a N-nt:°:^/:^rv'-r/l^U)cAii 5 2/j^f^ ni^G 
a N::i^t"^:3ri/-VyUi5K-^ii4 0 2 1= T'C?:*]?^ :gr.£tc: b 

i'^o S i O. Ml-^y^:^ 6 1 ^arJ^ll^/cR I E(-cJ;or. 
nMG a Nrc|::"^z3f-^-^yU;7S^gjg4 q 2 ;6^lStUi- ^ ^ 
ffl^o '^i-, rcvx5^>':^'j^-^;^^ 6 1 bTc^^S i O. 
1116 1 >l-ab-/c^.^. ^[Mi'-nSfl^G a N^-t^^^v^-yyl- 
;S'Mil4 0 2 (cMi-^;^? KUtl 7 2 Jl(7.:>^M?tllMcJ:: 
bTT i /Au r£5Df^s sio, Fiei^ 
s i o, ^-y^f-iy'/mxm^.-r^D^ ^^oy^^w^. mi 0 
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■^^iy^ji^m^m 5 2 o:)±Mfm\^^ J: 9 rr/c/^ 
a N in dp >--^ /U^^^Df 5 2 1::^-^ ^ T 7 - Kmtl 7 

10 (b) {^^irX'){z. r /~]-mU7 lfj^y<^-~^ 10 

'^CT" 2 0 ^r^if^jt . m.mmm^^xM^m^^-n o r <^ -e 

:^ y — Kmil 7 2. T y — Kmil l l (c. Jl:^-/^:^-— 
[0 0 7 2] J^J^t?:) J: 9 i a:>mMomtBo:> 

5. A 1 G a N/G a N ^ yU^B 4 1 

ffi/J^^^ t nfc. MQWfS'ttJl 4 0 5 #ifi(7:)rrM^ S EM 

^^^XnV7^n^^s^^xf£fj^^f^, AlGaN/GaN 
::Eit^-^:^-v'-Y-'yl-»^4 1 1 0')^±m\^A 1 G a N]l/ji^# 

■ [0 0 7 3] 1!k\Z.^ a 1 G a N :3i b= ^ v-^^ yUlc^ 4 2 

S3g:^^^^-fj^iaj!-r5o mil (b) \c^^'r^^mm(^m 1 
t). mi(Dmmtmm{^. mcmmi^tzms (a) - 

1119 (d) tmm^TM-r:m^M-t^:it^^m'C^:>^. 

[0 0 7 4] (-f) .^tT. HI 2 (C^t-MOC VDS^B(?:) 
-y-lr-y"^ 3 3 OJ=.(c:Bi/^:^cA 1 G a ^Vv^-^-yu-S 

S4 2 1 -^ctiimw. -v-'^y^uiM^^^ 115 o°c(c.iov> 

TMGctSi H, (Dm^^m^!i^5L.. nil^GaN^ie 
^ ^->-YVl//5S-Ji:ii' 4 0 2^, A 1 G a N -A- 40 

S«4 2 1 to±|c;jjtS"^)-<5o ^t^f^. TMAtrof^^PftS'^ 
i-5Ci:{-C:J:oT. n/MA 1 G a N:i^ t:"^ :^>S/'VyUj^<;-JS: 
Jf?4 0 3 it. 11 MG a N:^ t"^^' ^ v'-'\>yixj^J<;-^jf 4 0 2 CO 
_h(c:j7j6-M-t"5o TMACOf^$^:gr4¥-lhLr nMG a N-i^Hr" 
:^^^V>^'VyUjS:-l:jl 4 0 4 -ar, nl!iA 1 G a N 

/^;5jc-JS ii 4 0 3 c/D ± jTicifi" ^ o L T . T M G . S 

i H.. 6':)(»f^^f?.LLL/c^^. ■^j-±y'<^U)M^e 8 o oric 

-C-Ttfs TMG<J^TMI £?:)i7-r>'^ilV>-CI nGaN<7) 

MQW?Stejl4 0 5 ^mm-t^o TMI <^ T M G (71) 

^-f*Ui LT/J^t). -^-^^y^^UM^'kl 1 5 O'CtcMb. T 50 



MG. TMA^I>Cp2 Mgl-fihl^^LT. p M A 1 G a 
Ni3^1::'':$^:^>^-A-yU^J^Sg4 0 6^, MQW?^Er1:^jl 4 0 5 
(D±.\Z.^^^^^o ^tV^•rTMA^^*9. pSiGaN::^ 

l::''-^^->-A-/L-jSSJl4 0 7 piUA 1 G a t^:^ A" 
v'-VyP^^-5Jl4 0 6 c7^_h('C:;7fe-^^-!i-6. -W-i^TMA^-il 
;!jDtW^*tL.TpSA 1 G a N ^ ^ -V y^j^-R^Jf 4 0 8 

pMG a N^t:^^:^^v^-^='yI/;^£-jl:jl4 0 7 tDJzi^j^^c:!: 

^-tJ:>5. icV^Ts TMAa:>tit^&'l'-'('¥iLLT^£7.:>r^^ pM 
G a N^t:"^^ri/-A'yWj^fe:l:g4 0 9 p*gJAlGaN 

C p . M g o-^m^^\^}t^-:^ t iWJPf ['d S i I-L, 
^-jit^^LX, nMOG a i/-^^y^J5J^:^jf 4 1 0 

pMG aN:x.^'^^iy^^/\yf^^m4 0 90:)Az\c.^M 
'■^'^^ti. TMGcbS i H, :^':^'^com^^W'±\^^ 
-^^y^^m^-^^S 5 0°C^T:T/Pofc^ C^-X:\ NH. 
i75«#^^l$iti-^o J^±<?:>J: 5 t-LT. Hi 1 (a) (c: 

:^-r- J: ^ t£^mm^<Dmm^~ ^^^^ ^\^^^mm% h 

[ 0 0 7 5] (n) ?^td. [El 11 (a) 

^^iy'YJum.^m(DAi{:i^ s i m^mmir^o 

S i O. It^-'^^ — nM^7:)G a N^- 
^>/-V>^^i^Jc-Ji:Jl4 1 0(7.'>^:y5^^^^71-^-X^^:iT^jSi- 

t'^ -y y U ;p :^ ^ 5-- > ^- .5 ^ C (73 ^ 5^ > 

!d\ nMG a N^1::°^^^i>'A-'y^-'j?3<;-^il4 1 O^arMilL. 
pSGa ^:^\l^^i^-YJ^m.-Mim^ 0 9 iC, [iaa3/j^?I^i5](; 

S i O. 3i>>5^Vi^lg'el|xDfVt<. -^LT. ^— its 
iSIS'^t:^^^^' v''V-^^j?3c;^S/J^^J'M*^:^x/cA 1 G a N^b" 
^^t^'YJU^M4 2 1 ^MOC VD^a(7:)q^tC^7v.i- 

^bT. ^i-tr:7'^^Ui^ 1 1 5 0 >r . TMG 
^ C p . M g p Mg a t"^ A- 

ii 5 1 ao/cPJl$f5^-S;i^':)^« r i?:) p MG a 

N^e^^^v'i'yU'^-^ji 5 1 t?)_h(c:, Mi^. pMGaN 
^e^3r->---y/U;5jcd^jl 5 2 ^i^Hf ^-^li-^o TM 

G(7:)fi«&^-»jJib. ^i-i?:7=^rj^.jfg/j^ 8 5 o'c^-cT/^j^o 
/c<i::i^T% NH;, c?:)f^<*^^-f?-ihir5. wt7:)t^. -W^K^ 

:^^>-^/UiS*/l7)S:Jta^ttycA 1 G a N^^n-b^^v'-y 
/l^iSS4 2 1^, MOC VDi^i^fl/J^^IBi^ I'llii-o 

[0 0 7 6] (/n) ^tC, aiM^^^t^^^v-'Vyl-^tfiScO 
*±Jlc^^pl'iilG a N^t:"^^Vv^'V/i-1^3c,i:ji 5 2±(-C. S 

i o. i]f 6 1 ^ita-r^o '^bT. S i O. Die 1 

{±lbjl«4''?]"^j*t^S/c-^3(7,3^:y^>^^'ffl-v';/.^ 6 
1 ^Jf^i*1-6o ^bT. S i O. Ijl-ry.y 6 1 ^mx^^fz 
R I E(-Cj;oT. nffiG a N:^ b:^ A^>--V7!//5jtJi:il 4 0 

2/!i^imttii-s;^-e«;5o »ctc. ^-/^v^ffi-^;^:^ 6 i 

t bTC^^S i O. BI6 1 ^-^^b/t^^. ^iStCnMG a 
N3:-l::"^-Vv'i';Uj73t-Ji:jl4 0 2 tC^v|-1--5 ;=i7 V— K^ffi 7 
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s i o. me i^s i o, =r.^y^>'i^mx^^.^ir^o r 
(D^^^. mil ( b ) 9 f-. vmrnm ^ 

pMG a Nzr_e:5=' ^ 5 2 C?:)_b^|^/j^^m'r ^ 

J: *^/c/j:S i O, Kto— SlU-P^Pa^^JI^Mi-^o 

T y - Kits 7 im (D^mmm: tLx. n i / a u lo 
m-r^o rtT^m. s i o. jm^^, iM^5fe (yyh;^y) -r 

§|5(7:)^('e:. mil (b) {-CTj^i- j: 9 ry-Kmffi? 
H^-tT 9 ^ -T:^:^ KWii 72. r y — KmS 7 1 ^i- 
[0 0 7 7] ^±0:) J: 5 m 1 o^mMo:>mtMo^ 

5. A 1 G a N-is^f y A"v''-\-/USte4 2 1 ffil^^-e 20 

m\^r-/jK «i^L/ctiI!lIrt(c{^|l| 1 3 {-ci^r^tL/-- J: 9 

StI{Cfp]±LrV^5, 30 

[0 0 7 8] (B 2 C?^^-jjfef7:^f^}!i : ^^#-f* U-^^Ofi^t 

11 1 2(1, :*:^/gfJi^6'^|l2c7:).MfjiOf^M{c>(?.5W^^fe 

te: . teJrbffiirC (fii'^$"'lA#jS;it) G a N f ^ ..y- -y ^i-- 
3i-K4 0 1 (Dmm\^\M.tM. T i / Au^coy? y— Kfit^ 

7 2;^j^:t'-^ ^y:i^igt^^HTl>5o G a N ^ 40 

4 0 1 rJ: . in 3 ( c ) t:° :^ 'Y /^j?Jc-Jt- 

i^vF(C. S i 7 X 1 0 ^ ' c m" 7!/^ 2 X .1. 0 ' " c 

i^:^^M#J«jrtc?:)G a N:r_e'':$'^>>-V/USffi4 0 1 CO_b 

nlllG a N3ib°^:^iy-VyU'J53c-^/l4 0 2, nSliAl 
G a N^- t" ^ ^ /l-iSc-^® 4 0 3, n MG a y 
v-^'/Uj^cdf Jl 4 0 4. MQW^^ttii 4 0 5, p MA 1 
G a N^t^y :^v'-vyl-jS-J:iS4 0 6 , a N^^^b"^ 

:^v'-^-/U'j5jc-Jfii4 0 7, p§;J!A 1 G a N y 
l*-l:ia4 0 8, pMG a N^f'y ^>>^-yyWjS-^ji4 0 50 
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9, n'MG a Nmt^y 3^:^->-vyl-/?34SJl4 1 0. p MG a 

mi 2 (ClTFi-J: 9 nMG a N^t^y ^v-A-'/L-iS: 
:i:@4 1 0 ^milL. p S G a N t:° y V -^^ /W/Sifi Jl 

4 0 9 ^C-]ilii-^5 0imfo;6Sf^rj- ^y^m^tlti 11-^(7^. n 
MG a N::c t^y A" v/'V /Vft^J:)! 4 10 t!*^^?)^^^^^ :y y H 
^tlliS;LTV>ao f/^oT. p^SliG a N::i:^l::"y ^^v-i^-yUjjjc 

:S:^4 0 9 comm<D^^^o:)^^i\']^xmm:^mti. mq 

wfS-t±jl 4 0 5 ic.toV^T. J: < i^-^rmmi-^ J: 9 
^ tbT V ^ ^ , M Q W^i5-ttJl 4 0 5 (7^ pi^'flij ^^yy 
\-mtf£^nmAl G a Nnib^y:^v'-Yy^j^<;ft;i4 0 3 
RUpMAl G a N^^i ey A^v^-V/lUj^Jc-fiJi 4 0 8 "CR/u 

-So *_b]li?-:)pi^G a N^^^t^y A^vz-Y/^iS*® 5 2 {i, 
S^|5f11#J^St^?:^— hilX'fcl?. pMG 

a N^tr^y A^>^i-/l-j5£Sjl 5 2(Cft-, N i /Au#?c?^T 

y - ]-mm 7 i^^:t-^ y Ktt-r^ 9 {^-Bf^^tix 

V^§. !l9i:M/^i'). pMG a N^eyA^S/-Y/V^^;S:il 

5 2 nMG a N^i b" y A^ -Y-- 4 0 2 (Cl^gi- 

y- Kmtiil3i'0 liiLi^lftfi^^-e^^^^y ttEoT. its 
9^"^:^ ^ :y-5*-y y'il-^J^. y e l c7.^0i?^XfM-"^. 3. 
<7:):nis;y^vy*^-7xy e i ^^v^ycR i Kiimt^'^m^ 

-MitXS/j^HlIi&fb^tL^o 3^. S5^^'Til#J^S(7^G a 

N^b^y ^y--YyuKte4 0 1 

tl7 2/j^'iir^;5S;^tLTl^5(^r% lig-T-^-Ac«9 l|Hlt7)!7>< 

-Y—Tiiiyy^^f :y^^'XB<^^o':>X\ t^^^^X (Tirv^Vu) 

msi&f^^ .'iiLj^(7:)^yy y h§i5i-^— o/^(DT\ 
* m U [E] SI S ^ ^ B -e 5 o 

[ 0 0 7 9 ] X. ffihh-M/L ("rtt^M#J^?iS) C73A 1 G a 
N/G a N31 b^y A^iy-Y/^£:E4 1 1 b < {^A 1 G a 
Nrr.b°y :3f.o/.^^l,|^:|:^4 g 1 (7:)^ili(.::ii:® , T i / A U 

^O::^ y- Km 7 2 ^y--^ :yy^Sf5Jlib/t1ff3tc^::^^l^^ 

A 1 G a N/G a b"y ^v^A^^l^^Kft 4 1 1 ^ L- < (1 
A 1 G a N:3iey :3f-v'-\'yU^ffi4 2 1 ('^j:. '^;^x^'n. HI 

6 (c) .^Uqil7 (a) (;i^1-#:)ifr^#-^^yc2r/)(73^b" 
y A"v'-\vW5lcftn#(C, S i '1-7X 1 0' ' cm" ' 7!?^ 
2X10' cm flit^r t'V-y'LTtotttl', ^ 

[ 0 0 s 0 ] (Ms omMo:)j]m : L E D (?.)M3t,:^7 ti^) 

—^(Dm^:^mc-o\^^xtm w-/}K :^3mo:>H^m-i*m 

t3<?:)'"ef:]:M-v\ ^flPj^cDll 3 c7:'mj:c7:»-}T^fifjc;:joV^T{i:. 
W-feL EDi?:)®3t::'5ai^I5£PJi-^<, r c7:):^^gpj^(7,:>^3 (?:) 
^«^7:>:/|^^#'5WfeL E Dcoa43g::^&fi. ill 3 T!/!^!!! 4 

{ZTjkl^fc-Jj^ij^XmM'LtcG a Ni3ib"y :Y'V^-V/^Ste4 0 

1 o:)±ic^ M.O cvDmxpJy^(^:>H-mitM'^M^^^''}\^=^ 
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[0 0 8 1] (-T) *-r. m3jbmm4iiC7jki.tL-jjm-v 

:$:mm(DG a N^h:"^3e-VA^vV:Ji;te4 0 1 =tmMT^. 

G a N^t:^^^>--\-yl-^S4 0 1 COJntd. 8 (a) id 
nMG a N:3^t:":^A^v^^'/U^X5Ji4 0 2. 

nMA 1 G a h":^-? V 'V^H^fe-^ii 4 0 3, n MG a 
^>'Y /^i5j<;-ftii 4 0 4, MQWr£-ttJl 4 0 5, 
pMA 1 G a t"^:3f-VA-/t-)S;-Sll4 0 6 , pi^Ga 

N^-l::°:3^:^Vv'-V^H5^Sil4 0 7, p ff^ A 1 G a N ^ t° :^ 10 
A"i/-^-/^■iS::S:il4 0 S^'O^^p MG a N t:° ^ /l^i^fe 

fls: U—^(Dm^-Jjm t 5 .-^Jl. p MG a t':5^ ^ 

iy'Y/l^J^-M:M4 0 9CO±{C^ iLi^, n MG a b^r^^ A" 
'Y Mii-M:m 4 10 ^/ScS-li-r , :^ -V /VjS 

-ftt'f^lT-t-a/S-c^o^o Hp-^. ^^f7:)jgijf:(7.:)pMG a N 

^ t'^^:^Vv^'V/^^3cJi:ii4 0 9/j^i^-l:Lyt TMG^?:)*- 

-V ^l^i*-Sa /^J^^ita ^ h.fz. G a N ^ e ^ iy ^- /U-SSfi 4 0 
1^, MOCVDSgj5i^bfl3^i9 l±Si-. ^LT, MMf?:)* 

tltlG a N:!:^!::^:^^^- v'-V/^^K4 0 1 o:)mm^\^(D~U^ 

M^E-J; , pMG a N31 t":^:3^->'-^^yU^X-5:^4 0 9 (7:) 
S^S/^J^f^^. n§l^G a N^e'^$'^^v'-Y'yU'j*:S:^4 0 2^ 

[0 0 8 2] (d) yjfeic, mrc=^^"^^i^'Y/i^fizmmo:> so 

(50:m'a^fi. pMG a N^l::''^:3e>'-:\./Uj5jt-ftji4 0 97:1^ 

Jrf^^itKclfTj:. T TO (4 >i^^J-^ ' y-^ ' 
K) .ir^^-^-l^ (S.n) Mmi^fcmit^ '^iy^y 

m. Wditm (SnO. ) IIIcoJ: 5?^e#«cofe-mM^. 

CVDlfe. :^fe^^^^V^Tit^R-t- 
^o AullI^COikJS^ 5 nmigSt^, +:^^»< 
JfML-C5SPj!mtl<!: LTMl/^Tt>gLV\ -^LT. SiO 40 

mn'^i'^o '■ErUT, R I E^sfeT\ s i o. 

ifiSS EMlif^(Cj; ^?ftf^L/cp^G a N::ce^ 
-Y- 'YJ\^fi^-M:S 4 0 9 /j Mb n 51^1 G a N J- e ^ ■YJ^yf^^ 

Sil 4 0 2 -e(7:)ii: ^ ^ffitc lt. KpISIx ^9 

Li^f»^«t9. nMGaN^t:='^:^v^-yyU'j7^:^^4 0 2 
[0 0 8 3] :xi:y^>'^^';3-^>';7.^ 50 



>c^i- ^ :5t7 y - KlSffiJl (7:)ifeJR^IIi ^ L T T i / A u m 

f^s S i O. NI-I. F7X^?S^C0S i O. ^~^y^ 

mm^^^-^ ^ — ^ y ^ ix 6 . t7:)t^ , r y - ]-mm t ?j: 

^S3j^«11]lC0j^i22^|5l'O«,miKc0N i XAum. A 1 M 

r y — Kmii^K ^ y ^^^-^^ ^ Kf ^-^t^jS-t ^ o :~. 

8 0 0 r T 5 ^jm. L < 7 0 0 "C-(? 2 0 ^yPf^ia 

ho 

[0 0 8 4] riDf^, 3 0 O yi mf^(7:)5~^/:7°('C-t^ 19 

fern. PJf^<50;^Xi^ {^-^ > h y 

^J. *-feLED^^^i7j<;-r^o ^C7-:)»feLED(7^^5g3t#tt 
l-fy:^Lf:i<!r ^ y yi^ftl;j:4 8 0 n m^e^b ^ . {±J 

y:j{i 2 0mA^c^l'^T 1 5mWT'Jt>ofCo :i com:;f:]fi, 

::^ffi-e'fti*b/cLED09 6 of3^i^.±'efoo/co 
[0 0 8 5] I^(c5z&-<fc J: 9 1^. 

< . ]&.mmiO-:>G a N^t°y =5p^>'^Y'yV-£:K4 0 1 ^^^"^ 

'Y^y^^o^G a N^h:"y :^"y-v/^SS4 0 1 COSM!--H 
ffi. :^ y — K«ft 7 2 ffi/tttfi^^o ^ L 

T . C O-^MTi^'M^Ml^CO G a N ^ e ^ ^ -^^ /l^SiS 4 0 
l(?3Jr!'^. nf^G a N:x:ey:?^y'-v^^/?3<::^il4 0 2, n. 
Ma 1 G a t^y =^^/-\-/l-;St*g4 0 3. nMGaN 
^^l'^^iy^-y]ym^&M4: O 4. MQWr§tt)l4 0 5. p 
MAI GaN^t:^y^'>-r/^j3g.:i:Ja4 0 6. pMGaN 

^t'-'y A^^y-r/^ji^-SJl4 o 7. pMa i Ga N^t^y^^ 

V/ -\-yl-u3<;fi:ii 4 0 8 p M G a N ^ e y ^ y -Y /l^f^-M: 

jl4 0 9^rc?:)|i|i(cJ#:«Lfc1«3g{::^i/^r. pMGa N 

^x^t'^y 4 0 9 (cry — Klitii^r^-— ^ y 

y i^Mi- ^ J: 3 {^ff^/^i-nfl\ led 

:^^7^J*i-^„ HP^, pMG a N::iib"y :¥^/-V/l-/*-JS:]l4 
0 9 7:f^t.nMG a t:°y ^- iy -v/^UJcftJi 4 0 2 tcSi-T 

y- Kmffifx ^3 m i.mm^'mjiZ'rhi^^:)o:>^ y ^-y yji 

-^T^y cojPMXfM-^-. r.(7:>:3i:y^yyj^"v;^y ^jlV^fc 

R I EXg/j^'W^tb. M3fixa/p|tIPlMl::^^x6. JE 

B^jU«^^ii::^v:L. Ig)WSft^5^tli -i: ?te6o i^^ 
mhmm.(OG a N^t:''^:^iyi-yw£S4 0 1 c?:)»|li icji: 
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[ 0 0 8 6 ] t^^^, :^mm(^^m 3 o')^<mom'm\-c^^\y^ 

G a N=^}c''^^iy^ryu-m^4 0 1 O^iXt^ ^) {Z, A 1 
G a N-=iit='^^i>'i-/l-KS4 2 1 ^i^H/>, Ct7:) h(::. M 

0 c V D m'^Tfii^(o^m-{^m ^mim^^ i::^ ^ 

[0 0 8 7] i-co:)i^a:)MlMil(DjBm) :ic^,^J:9t-. IS 1 lo 

[0 0 8 8] 0ijx.f±\ m3Jb^m4{Z7jkl.tc^mxmM 

^^^v^-V/U/^cSLT^M-r^ r. i: J; !9 . ME S F ET 

[0 0 8 9 ] fJ^Jr^ff . ME S F ETo:)iM^n. W^l.fc 
G a N^t:^^arv'-:V^/l.:|£:|j!^4 0 1 , A 1 G a N/G a N 
^t":3?^:3rO/.yy^g:(:^4 1 l^L.< tiA 1 G a N^^^e^^?^ 
v'-ir>'^Sffi4 2 lC?:)_b(C, 4 0 nm(7:)A 1 N^t:°:^:^>^ 

-V^^jife-il:®. 3 .11 mCOG a N::ii t'^ v^^-yUj^jtJl:/!, 6 

1 0 0-'2 5 0 nmC7:>G a N:r. t"^ :3f /Ujjjt:^/! ^a-jlll 30 

[cJtffiL. (H^ ) ^L< (:fc--^y (H 

h u y^*^:7^:^t/R I E^jiiNT*±jic7:)GaN^e 

:^=^S/'V.'l-/^fe-Jl:lS(C, T i /A 1 if ^ — >- ^ 
-r^. i; :7 l->::?f-y'Xli'CAuCf/j^b;:,:-6>^3 :y h 

• ^•l:tel^-ff^^jci-;^^^^\ me s f e rm^fizm 

iVHf • hli^lKl, A U P t/Au 

'>-\'y^Ste4 0 :U A 1 G a N/G a N:^^ ^>--A-yU 40 
Sffi 4 1 1 L < f^:A 1 G a v'^.yug;!:^ 4 2 

1 ^-JlV^TSCfib/iME S F E T(l. 5-i-^t-/kflf7^Mi-l 

[0 0 9 0 ] HEMTc/^m^icl:. fiM L/c G a N -ii b:^^ 
^Y- v'-Vy^2£te4 0 1, A 1 G a N/G a t"^ ^Vi>-r 
^l^ffie4 1 1^L< It A 1 G a N:x:b"^:^f v''V/uaitfi4 

2 1 cxhi^:. 2 u mo:)Mi± HM) G si'Ny<yy rm^t 
N5^-^';t-yHi. 1 0 nm(7:) i MA 1 G a NX-<— -ij-jg, 50 
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1 5 nmCOnMA 1 G a NmT-«i^&ii IHId:^ b^:^ ^ 
tnJc^-mi-^. Fll/Sl. R I E-e^-^-r'T^gffi^t^iirML. 
^_hjicOnMA 1 G aNm-T-ttfcJ^&gtC, Ti^Al^^ih 

f^.^y'-:^yvu^>mm. j^v<An, pt/Au. ^ 

L< a A 1 ^/i^t^Tl^^y- l^fiffi^?[^/*-m{^. G a N 
XA 1 G a N-^^-XPg-^^JlV^TtHEMT^i^SjicU-i* 
-So riMG a N5^'^'^>/^J1^ i MA 1 G a N;^-^— 

V^^±, nMG a N5--y^^/Hlt7:)i('C. iMAlNX^— 
i;)-Ji. nMA 1 Nm^^«^^jllr«i-J#aL. G a N/A 
1 N-^-T^n^-a^^'-ffiV^fcHEMT^I^jSLT^Bil.^ M 
BSF KT cornet mm^Z. :^l§f5^f;:)GaN^tf^:3rv- 
-Vy^a£te4 0 1 A 1 G a N/G a N t:° ^ v- -A- /U-^ 
454 1 1^L< f^A 1 G a l<i^\::"^^-y'YJUmi&4 2 1 
^ill/^TMigLfcrtLbcOHEMTfi, 

[0 0 9 1] .X. tuaiLfc^^KcOG a N=^\i^^->-r 

/^Stl4 0 1, A 1 G a N/G a N:x.h°^:3p.>-_^yu..g;|:^ 
4 1 1 L < {^A 1 G a N:3i v'-V/^'Xte 4 2 1 c?) 

_h!'C:. 4 0 niTi.(7:)A 1 Nrnt:^^:^^^^-^^]/;^-^]!^ 3 /2 m 

(^:^G a Niiiti^^^v^i-yL-i^jcSii. 6 nmCOA 1 N:^^^^^ 
^ -y ^^ /\-J5^^m . ^-'^- ^-.^\-mtf^^ l 5 O nm7^j^2 5 
0 n m o:)G aN^t^i^^ > ^l^J^^MM ^mj^mm L . H 

(G a N^t:=^^^x-^-/UjyJc-J:jl) (D± 
{C. 8 0 nmOOv-y (S i« N. m) ^^tS 

M I S FET/j5:jij|;5f^,'jj5jr^^ ^-^-^^yUjf/ij^. 6nm 

A 1 N ^- /i^^jc-jS:/! xr^ c r b titzmmx 

h^i, ^(Dt'^. GaN=i:^\-''i^^—>'Y^\yJ5%-M:lWiZ. Ti 

/A 1 /j^f_.7:j:5 y — ;7^/ Ku-r >mtiii^?FM-mrJ:ja 

V\ *^l3j!»7:)G a N:x:t:"^:3ev'^/L.^t^4 0 1 . AIG 
a N/G a N :^ \:^' ^ Jl^mR 4 I l'^L< (-t^A 1 G 

a N::nh:^:^^i/-Y/^3iS4 2 1 ^ ^X m^Lit:i(DM 

[0 0 9 2] ^J^l^^;t, fmffi^TLA 1 G a N :r. t" ^ ^J;:- -V 

/^SK4 2 1 i/^^ili: LXjlv^, :zo'.:)_ht::::iie^ 
-^v^-V/WS-MUycG a N^— XjfSi'O'A 1 G a N:nz^ y 

^5^ii^J^lV^/-A 1 G a N/G a N--7" D^^^^jH, N/iH 
B T(^il>^^7:}:^jl1f 3t^. MOC VD^XiilKW(-J#® 
i^XMf^%L.X hB<\y\ ^X^^a^ i^^i:t'm%G 

v^-y/^SS4 0 il-=i Lrfflv\ ::co±{e:^ 

1^ ^- /l^j^'Zr^'Lfz I n G a N-<— X jf^^TJ^G a Nrc 
^ :y :^^il4-^l/^ycG a N/ I n G a N-^t^ p S-^^^j^ I ^ 
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It. i&bttmiA 1 G a N^t'^:3rt/^-yw£;tS4 2 l^L 

5 . r - SS tic L T 1/ ^ t!^ l (5D?f^ 

V^i J: o T t^.^ <^ ^ ^> f:^ n 5 ^ (V.:) X^^o 

[0 0 9 3] 

-V ^^}^u%m mm ^ ^ # ^ r -^m x^^^ 

[ 0 0 9 5 ] X. *:^gPJ!('::.t;Jaf^\ e ^ ^-v^ A- /WsJt-J: 

4^j¥*f$::¥-ISfB?SM(?:)^PfS^ig fit! ^ T fStjic $ ^ ^ o 

[0 0 9 6 ] t^o-C. ::^^l§f3J^c:Oil^i^fl^^g(7.^tlit^7fe[- 
[0 0 9 7 ] X. ^ \:: ^ '^i^ -Y ^i-^-M: 

m~^mxh^D. 

. [ m 2 ] ■:^mm(D^m»mm(omm:Jjm:: jii ^ ^ m o c 

V D m\ML(DmmmiS:^fj^'rmmmx h s . 

[ ^ 3 ] :^mm G a N ^ ^f- v- /l^/^ici^ Jl *Sc^:'Si 



[HI 5 ] *^§l^J/lcOA 1 G a N/G a N ^ -y /Uf5% 

-B:}w&m(Dm^ij&^7r^-riimmmmx^^ {^c(o 

1) . 

[ISI6 ] *:|fgl3J^£?:)A 1 G a N/G a N ^ /L-iS; 

2) o 

[^7] ^fgPj^(?:)A 1 G a N-=c-e^::^v--vylxji,jc-J^jfji£;(^ 

(Dm'&:)j'^'k^^—r~sj^mmmxh 
[n 8 ] :^mm(r^m i t^.^^itTr^^iaf.tJP^-^i^sfl^ysii 

i/^H/) o:>mk-^Wi:^^ir~sM\mmmx^ 5 
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{"to:)!) . 

[11! 1 0 ] :^mno-:>m 1 co^K^fii(7:)^?F^« 1 1^:)^^ 
4" i" Xf^. IIFf jli ^ T ?o 5 o 

[mi] i (D'mtmm(Dmo-:)^j^m im 2 

10 :^i^^^—^-iLmm^mxh^. 

[^1 3] ^^^<D'^m-^m:W(r>w-^'^mz.x,^'^m-^\y 
2 1 -^■^m.mt^'^w. 

2 2 NH, :ff::^m7\^ 
2 3 HC 1 -M^y^M7\^ 
20 2 4,3 1 
2 5 

2 6. 3 3 

2 7 mfnom^-^ 

2 8 £ 

5 1 pMG a t:":3^^>--^-/l-/5^<;;S:il 

5 2 pMG a N^f^^^f-o/^yu^-g.^ 

6 1 S i O, fll 

7 1 r y — Kas 

30 7 2 y— K^S 

3 0 1 /vu^ s^if^Kffi ( c isi-^t :7 r rmm) 
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(54) MANUFACTURING METHOD OF SUBSTRATE FOR EPITAXIAL GROWTH AND MANUFACTURING METHOD OF 
SEMICONDUCTOR DEVICE USING SUBSTRATE FOR THIS EPITAXIAL GROWTH 

(5 7 ) Ab stra ct: ife tfUSr*«i i 

PROBLEM TO BE SOLVED: To efficiently and easily obtain a substrate for epitaxial 
growth of a GaN compound semiconductor monocrystal membrane which has little ^ 
crystal defect and favorable surface morphology. 

SOLUTION: This method comprises at least the steps of (a) epitaxially growing a first 
GaN compound semi conductor monocrystal membrane 303 on a bulk crystal substrate 
301; (b) epitaxially growing a GaN compound semiconductor monocrystal membrane 
304 containing In; (c) epitaxially growing a second GaN compound semiconductor 
monocrystal membrane 305; and separating a second GaN compound semiconductor 
monocrystal membrane 305 from the bulk crystal substrate 301 and making it the 
substrate for the epitaxial growth. 






